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Abstract 
Until now, mass-customisation of (wearable) products has been seen as higher added value which had (and will have) to compete 
with ready to wear offers. However, there are fields of application for which customer specific product design, including benefits 
as optimized fit, is not just an added value but a fundamental need. This is due to the fact that off-the shelf products do not meet 
the morphological or problem specific diversity needed to assure the functionality of the products. Thus, individualized products 
are in a lot of cases not just an additional feature but a prerequisite for successful curing. The FASHION-ABLE virtual 
development and production framework is set up on digital development data of the future products as well as workflow specific 
data and information objects that are processed in dedicated process steps. Thus first of all the relevant information and data 
objects will be highlighted and described and in a second step aligned with the underlying workflow. The basic information for 
individualized production of orthotics is composed out of a customer specific 3D scan that is used to extract the relevant 
measures and the configuration of the orthotic. To enable automated adaption of pattern to customer measures, 2D CAD models 
that are enhanced with MtM rules are coexisting with 3D simulation ready CAD data, also enhanced with the same MtM rules to 
enable virtual proof of fit. These CAD data are provided in a modular way to ensure a lean variant-capable setup. Bringing these 
CAD data together with the customer specific configuration and the 3D scan then enables to simulate a virtual prototype as well 
as to generate an optimized customer specific marker.  
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Nomenclature 
ICT                Information and Communication Technology  
CAD/E          Computer Aided Design/Engineering 
PDM              Product Data Management 
BOM/BOL    Bill Of Material/Bill Of Labour 
MtM              Made to Measure 
1. Current situation and challenge 
Until now, mass- customisation of (wearable) products has 
been seen as higher added value in public perception which 
had (and will have) to compete with ready to wear offers. 
However, there are fields of application and groups of the 
population for which customer specific product design 
including benefits such as optimized fit are not just an added 
value but a fundamental need. This is due to the fact that off-
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the shelf products do not meet the morphological or problem 
specific diversity challenge needed to assure the functionality 
of the products. This holds especially for health related and 
caring products, for example medical products, as well as high 
performance supplementing products, as they are used in high 
performance sports. Thus, individualised products are in a lot 
of cases not just an additional feature but a prerequisite for 
successful curing, or function. 
This holds for example for people with postural defects, 
back pain or joint injuries that are dependent on orthotic 
goods. At present, available knowledge about variant-based 
product configuration as well as available knowledge about 
flexibility of production equipment, machinery and the 
underlying managing and supporting concepts cannot cope 
with the heterogeneous and individual needs of the customers 
in an economically sustainable way. 
Challenges as country specific reimbursements, health 
insurance certification, heterogeneous and country specific 
distributed topologies of legislature, actors and deciders 
(doctors and orthopedic shops) for medical products accrue to 
further aggravating aspects [1]. 
BSN medical as one of the world’s leading suppliers in the 
product segments casting, bandaging, traditional wound care 
and compression stockings daily faces these problems in 
product development, certification and introduction into new 
markets. Textile based medical garments are one of the largest 
share of products in the company business. Currently BSN 
medical operates in 28 countries, with a network where 
production is not managed in a centralized way but it is closed 
to the user market. Solutions are designed centrally but 
produced and customized in the country where they will be 
sold.  
For what concerns the downstream network, being a 
provider of medical devices, the typical sales of a product 
involves not only the "end-consumer" and the seller, but also 
the doctor (or hospital) or any other medical expert, and 
furthermore the seller/ retailer has to provide dedicated and 
comprehensive technical know-how about how to configure 
and how to properly use the item. Furthermore also product 
(medical) certifications and reimbursement aspects, defined 
by national legislation and social insurance systems have to be 
considered.  
Considering these facts, the business development for BSN 
is a complex question which periodically needs to be taken 
into consideration in order to define where to produce which 
customized wearable product for whom and how with which 
service taking all legislative, medical, environmental and 
social-insurance oriented constraints into account.  
2. The FASHION-ABLE Project 
FASHION-ABLE is a research project funded by the 
European commission. It aims at providing innovative 
European SMEs with technologies enabling co-design, 
development and sustainable manufacturing of personalised 
wearable products, for people with special needs. 
The concepts and solutions developed in FASHION-ABLE 
are validated for footwear for diabetic feet, clothing for 
wheelchair users and textile compression orthotics. 
The expected results are:  
x IT solutions for people to customise wearable goods (co-
design via internet) to be produced on-demand  
x Development of new IT tools for SMEs to produce on-
demand and for special-needs  
x Exploitation and adaption of new processes and materials 
such as stretch-leathers, 3D-spacer fabrics, new textile 
finishing and flexible manufacturing processes and 
machinery 
The combination of these technologies has the potential to 
impact directly on health, comfort, safety and quality of life of 
the addressed end-users, such as: 
x diabetics developing diabetic feet, estimated 30 million [2] 
x physically disabled people requiring a wheelchair, 
estimated 5 million [3]  
x people affected by acute musculoskeletal disorders, 
estimated 40 million [4], [5] 
The selected end-users, whose demand for customised 
fashionable health related, or medical products are currently 
not addressed by the market, represent a niche-market to be 
addressed by sophisticated and customised products. The 
cross-sectorial approach of project comprising ICT, 
biomechanics, manufacturing technology, the textile and the 
medical sector allows the transfer of the developed solutions 
and the extension to other products and new high-demanding 
markets of functionality customisation with little effort. 
3. The FASHION-ABLE Virtual Development and 
Production Framework 
As partner in the Fashionable project, BSN successfully 
implements new structured approaches for the pre-
development of variant-based products, for the definition of 
multi-dimensional configuration spaces and virtually 
supported development, flexible functionalization of products 
and intelligent automated order processing allowing efficient 
lot size one production. This is done in close cooperation with 
DITF-MR (Centre for Management Research DITF 
Denkendorf) and the Human Solutions Group (Provider of 
body scanning systems, CAD, PDM and ERP systems).  
 
 
Figure 1: Challenges for BSN, adapted from [5], page 15 
The challenges that are to be solved in this context are 
reflected against the Mass Customisation and Open 
Innovation Framework of Reichwald, Piller and Ihl [6] 
summarised in Fig. 1. Global Competition, dynamic markets 
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and the heterogeneity of the customers are met by 
virtualization of the development process, dedicated 
configuration spaces and adaptation rules and modular 
functionalization technology. 
The increase in productivity, flexibility and innovativeness 
is achieved in two dimensions: 
x The (pre-) development of both, individualization ready 
variant based products, and the correlating configuration 
space that is nearly exclusively based on virtual 
development 
x An automated, modular and streamlined approach for order 
processing beginning with the customer order (including 
customer scan data, configuration- , customer- and retailor 
data) out of a web-based configurator and its further 
processing in the process chain up to assembly.  
 
Looking at the pre-development in detail, two dimensions 
of requirements are aligned which are  
1) Legislative requirements for possible combinations of 
materials, functional building blocks and components or 
alternatively product requirements derived from indications 
that are logically and hierarchically translated in a space of 
possible product configurations. This dimension is supported 
by newly developed PDM structures that are optimized for 
variant based products including search algorithms and the 
underlying concept of building blocks which allows to define 
fragmented building block specific BOMs. This enables, 
already in the pre-development, to configure product variants 
on the basis of building blocks and consequently fosters the 
generation of variant specific BOMs. Based on this a rule 
based web-configurator as customer front end is set up 
accordingly.  
2) For optimal fit, morphotype based MtM approaches, 
also taking material and configuration specific parameters into 
account, form the functional basis to apply customer specific 
pattern adaption [7]. Proper customization has to consider the 
friction interaction of the fabric with the skin, which also 
varies with the age of the person and shear forces. [8], [9], 
[10], [11].  
The modular order manager brings these two dimensions 
of pre-development in line with the challenge to process a 
customer specific order seamlessly between all involved 
systems, including the production ready preparation of all 
correlating files and the final assembly of the product. In this 
process the customer order is stepwise transformed to a  
production order by adding BOM and BOL information. 
Intelligence in the setup, ensures the definition of customer 
specific patterns, lay-, cut-, functionalization- and print ready 
files in the MtM capable CAD framework, the provision of 
these data to (1) spraying and printing lines (2) cutting lines 
and finally (3) the assembly line. 
The specification of the named approaches is described in 
Fig, giving a more precise overview of the processed data 
objects and the correlating process steps. The FASHION-
ABLE workflow approach depicted in Fig. 2 is set up on 
workflow specific data and information objects that are 
processed in dedicated process steps. 
 
Figure 2: Process Steps and related Data Objects of the Framework 
 First of all the relevant information and data objects will 
be highlighted and described and in a second step aligned 
with the underlying workflow.  
The basic information for individualised production of 
orthotics is composed out of a customer specific 3D scan that 
is used to extract the relevant measures and the configuration 
of the orthotic. To enable automated adaption of pattern to 
customer measures 2D CAD models that are enhanced with 
MtM rules are coexisting with 3D simulation ready CAD 
data, also enhanced with the same MtM rules to enable virtual 
proof of fit.  
For adaption of pattern to customer measures the following 
process is used. First of all the customer measures are taken to 
determine a reference size that comes nearest to customer´s 
dimensions. In a consequent step this size is adapted 
depending on the divergence of customer measurements to a 
defined basis set of measurements that was used to develop 
the reference sizes. Therefore, MtM actions are used that 
affect parts of the pattern proportionally to the difference 
between customer measures and the defined basis set. These 
rules are defined morphotype specific. 
 
 
Figure 3: Record editor for definition of MtM actions 
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The next examples show the principle actions that are 
performed in the developed MtM approach to adapt pattern 
measurements to customer´s measurements. Therefore 
morphotype dependent actions were developed within an 
editor as highlighted in Fig. 3 and the general influence of 
fabric and/or functionalization for the pattern was 
investigated. Fig. 4 shows where the developed MtM actions 
are applied. This correlation will be prototypically tested in 
pilot lines. 
With MtM actions, the length of hip line is changed by 
rotating in the three given rotation points. Three different 
morphotypes are considered for these changes with given 
values in Fig.5: 
x Normal: increase/decrease of length is equally distributed 
x Type A: increase/decrease of length is concentrated in the 
upper back 
x Type B: increase/decrease of length is concentrated in the 
lower back 
The following figures show the 3D-ready CAD Model, an 
exemplary MtM adaptation, the virtual fit in terms of distance 
between body and fabric and in terms of tension of the fabric 
(weft).  
 
Figure 4: 3D simulation ready CAD file (lumbar orthotic) 
 Figure 5: MtM adaption (change in size) according to customer data 
 
 Figure 6: Simulation of finally shaped orthotics, size 58. Display of body 
distance in weft is showing evenly distributed body distance all over the 
model 
 
Figure 7: Simulation of finally shaped orthotics, size 58. Display of tension in 
weft is showing evenly distributed tension all over the model. 
These CAD data are provided in a modular way to ensure a 
lean variant capable setup. Bringing these CAD data together 
with the customer specific configuration and the 3D scan then 
enables to generate an optimised customer specific marker as 
well as to simulate a virtual prototype.  
The virtual prototype is then used to add information about 
localized finishing and printing which is synthesized with the 
customer specific marker to a file that is on the one hand 
printable and on the other hand the basis for functionalization. 
The correlating process workflow for the configuration and 
adaption of a customer specific orthotic according to the 
FASHION-ABLE setup is composed of the steps described in 
the following: 
1. Requirements: In this step the customer specific 
requirements are collected. These are either 
represented by reimbursement and therefore 
originally provided by a doctor or in case of no 
availability of reimbursement depending on 
symptoms and indications.  
2. Configuration: The given information is used to 
configure the customer specific orthotic that treats 
the disease pattern in an optimised way. This affects 
the use of materials, closure mechanism, the used 
reinforcements, and the degree of compression and 
the optimised functionalization of the used fabrics. 
3. Generating the virtual prototype: 
a. Customer specific pattern adaption: The 
collected requirements and therefore the 
resulting configuration of the customer 
specific orthotic as well as the customer 
measures are used to individually adapt the 
pattern of the orthotic and thus to guarantee 
optimised fit. 
b. Virtual fit: A joint simulation of a virtual 
representation of the customer and the 
individual configuration including pattern 
adaption is used to evaluate appropriate fit. 
Therefore the distance between body and 
orthotic, the tension in weft and dwarf and 
the elongation in weft and dwarf are taken 
as measures. 
c. Adding information for localised 
functionalization: If the disease pattern 
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requires localised functionalization of the 
used materials and thus respectively of the 
individualized orthotic information about 
localised functionalization can be added 
within the simulation. 
4. Customised production: The production relevant 
information of the individualised orthotics is handled 
and synthesized in the background by the 
FASHION-ABLE Order Manager. This tool 
orchestrates customised production functionalization, 
printing, cutting and assembly of the orthotic which 
is done stepwise. This can be realised in locally 
distributed manufacturing, or in a joint production 
line which underlines the flexibility of the developed 
solutions. 
5. Delivery: As the individualized orthotic is a medical 
product it is delivered to the orthopaedic or sanitary 
shops that collected the customer specific data and 
performed customer specific configuration. In a 
second step the orthotic is provided to the customer. 
4. Improvement beyond current approaches 
The FASHION-ABLE virtual development and production 
framework brings advancements beyond the state of the art 
within both, the development and adaption of customer 
specific orthotics and the development of off the shelf 
orthotics. While traditional approaches strongly refer to the 
use of physical prototypes and, the manual measuring of 
customers, or test groups, the developed solution makes use of 
contact-free measuring of customers by scanning in 
combination with virtual fitting. Depending on the indication 
and the condition of the patient this contact-free process 
implies a significant improvement of comfort. As the 
developed process makes use of virtual representations of the 
(to be) individualized orthotics as well as the customer, 
comparability and objectivity of quality also for international 
and locally wide dispensed retail structures as optimized fit is 
guaranteed rule based and can virtually be checked by 
competence centers. 
All these improvements hold with reduced weight for the 
development of off the shelf orthotics, as the problem of 
general classification of customers and the development of 
medical products optimized for dedicated target groups can be 
considered as derivatives of the customer specific 
configuration and adaption. Also here the reduction of 
prototypes and physical interaction enables parallel and 
locally distributed development and engineering while saving 
time and resources and thus increasing efficiency. 
As the described virtual framework provides production 
relevant data as BOM, cut files and files for functionalization 
this enables seamless integration within production 
environments. Result of this is the transformation of the 
traditionally manufacturing like individualization of textile 
orthotics to industrial, highly efficient production, which is 
flexible regarding scaling, locally dispensed and time-shifted 
production. 
5. Conclusion and Outlook 
First feedback and evaluations of an early test phase are 
very positive with regards to optimized fit of orthotics, the 
development of an appropriate configuration space and the 
setup of a streamlined workflow. Next activities will focus on 
a small field test and general considerations how the 
elaborated results can be transferred to related applications 
and topologies. 
Aligning the properties of materials and the composed 
properties of products based on a chosen set of materials with 
the behaviour of simulation as virtual representation appears 
to be the most critical point for breakthrough. Also the 
definition of schemes and rules to interpret results of 
simulations to securely determine appropriate fit will be 
important for the future. As the developed approach 
transforms the traditionally crafting oriented textile way of 
product creation towards a systematic virtual engineering 
training of staff and education of young academics will be a 
future challenge. 
The authors see a significant contribution not only to the 
trend of more individualised products in general but explicitly 
bridging the gaps for products where individualisation is not 
just an added value bud a fundamental need. Also the 
composition of the institutions working on the introduced 
solution within the FASHION-ABLE project depicts best 
chances to spread the elaborated knowledge, as the involved 
partners depict an optimised balance between research 
institutes, technology providers and industrial end users as 
with DITF-MR an acknowledged European research institute, 
with the Human Solutions group the technological leader in 
CAD development and simulation for garments and skilled 
partner for PDM, ERP and workflow solutions and with BSN 
medical one of the world’s leading suppliers in the product 
segments casting, bandaging, traditional wound care and 
compression stockings are working on this solution and its 
transfer to related issues. 
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